Human cytomegalovirus (HCMV) was reported in glioblastoma multiforme (GBM) over a decade ago and this finding has the potential to increase our understanding of the disease and it offers an alternative tumor-specific therapeutic target. Due of this promise, there is a fair amount of time, energy and money being directed towards understanding and utilizing this connection for eventual therapeutic purposes. Nevertheless, the association between GBM and HCMV remains controversial. Several studies have reported conflicting results, further undermining the potential clinical value of this association. In this review, the authors will discuss the latest developments on this evolving issue. Specifically, the results of the latest studies, both positive and negative, will be discussed. Furthermore, potential theories to explain discrepancies reported in the literature will be proposed. Clinical implications including potential targets for anti-HCMV therapy and the latest developments in anti-HCMV therapy will be presented. Finally, solutions to remedy this controversial issue in neuro-oncology will be offered. 
INTRODUCTION
Glioblastoma multiforme (GBM) is the most common malignant primary brain tumor in adults. An estimated 26,070 new cases of primary malignant brain and central nervous system (CNS) tumors are expected to be diagnosed in the United States in 2017. [1] Nearly everyone diagnosed with GBM succumbs to the disease, which has a median survival of 12-15 months even with aggressive treatment. [2] Despite years of research, there has been minimal improvement in the overall survival rate. Reports of human cytomegalovirus (HCMV) in GBM 15 years ago by Cobbs et al. [3] raised hopes for potential viral targeted therapeutic options for this disease. Recently, anti-HCMV immunotherapy based clinical trials have been established to assess efficacy in treating this disease. At the basic research level, efforts are being made to investigate the oncogenic potential of individual HCMV genes to understand how HCMV might contribute to GBM. Despite these continuing efforts and the time lapsed since the discovery of HCMV in GBM, the association remains controversial. This review serves to highlight the latest developments in this association and its clinical validity as a therapeutic target for primary brain tumors.
ENVIRONMENTAL ETIOLOGIES OF GBM
Although several studies have investigated risk factors for brain tumors, our knowledge of their etiology is limited. The only clear environmental risk factor that has been identified for glial neoplasms is ionizing radiation. [4] The relationship between viruses and the development of primary brain tumors is complex and unclear. While the majority of efforts have been focused on studying HCMV, other viruses such as polyomaviruses JC and BK have been implicated in brain tumors. [5, 6] JC and BK viruses typically are asymptomatic infections that predominately present in immune suppressed individuals. Disease states from polyomavirus infections are broad and range from BK virus-related nephropathy [7] to JC virusrelated progressive multifocal leukoencephalopathy. [8] The propensity for the CNS characteristic of these viruses has led to attempts to develop better screening methods to clarify this relationship. [9] 
HCMV AND GBM ASSOCIATION
Although an association between HCMV and GBM was first reported in 2002, [3] there is still a high degree of inconsistency in the literature regarding the detection of viral agents in CNS tumors. Further, the recent debate between Cinatl and Cobbs labs as to the presence of HCMV in GBM continues to fuel this ongoing controversy. [10] [11] [12] [13] The initial concept of oncomodulation was developed by Cinatl et al. [14] in 1996. In their study, they proposed that HCMV could increase tumor malignancy by infecting tumor cells and affecting either directly or indirectly cofactors for tumor genesis. [14] To determine whether HCMV was actually associated with GBM, they developed a standardized viral detection protocol. However, in a recent paper, Baumgarten et al. [10] demonstrated negative results for HCMV in their GBM cohort despite demonstrating positive staining in their control samples. In a paper addressing this, Cobbs et al. [11] stated that Baumgarten et al. [10] did not use the carefully optimized protocol established in his lab, [15] which is crucial to detect low level HCMV infection in GBM. In response, Cinatl et al. [12] stated that in observing similar staining in their glioma samples from HCMV seropositive and seronegative patients, they reached out to the 3 groups reporting positive results. In one group, the data could not be reproduced. The other two groups agreed to stain samples from Cinatl's lab, however, found no difference in staining in the glioma samples observed between the HCMV seropositive and seronegative patients. Despite demonstrating negative results, this data was not available to publish. Moving forward, both groups agree that a standard protocol for detecting HCMV in GBM samples needs to be established and agreed upon.
Several hypotheses have been proposed to help explain discrepancies reported in the literature including geographic differences, differences in seropositivity, the use of different cohorts, and differences in protocols and experimental conditions used for traditional detection methods, such as polymerase chain reaction (PCR), in situ hybridization (ISH), and immunohistochemistry (IHC) assays, which can lead to differences in sensitivities for detecting low levels of viral gene expression.
Although differences in HCMV seropositivity have been investigated, there is currently no clear association between HCMV seropositivity and incidence of GBM. HCMV seroprevalance is lower in Whites than in Blacks and Hispanics; however, GBM incidence is higher. [16] Additionally, HCMV seroprevalance is higher in women than men, while the incidence of GBM is higher in men. [16] As a way to consolidate the data regarding the detection of HCMV in CNS tumors, a symposium was convened in Washington, DC on April 17, 2011. At this symposium, oncologists and virologists studying this very relationship had the opportunity to discuss data addressing this topic. At the conclusion of this symposium, a summary paper was published reporting the consensus position in 4 major areas including the existence of HCMV in gliomas, the role of HCMV in gliomas, HCMV as a therapeutic target, and key future investigative directions. [17] Based on the data presented at the symposium and discussions with experts at that time, it was concluded that HCMV sequences and viral gene expression exist in many high-grade gliomas and that in vitro studies suggest that HCMV can modulate key signaling cellular pathways in glioblastomas. [17] Currently, HCMV is not considered to be a classic oncogenic virus because it has not been demonstrated to possess acute transforming activity. [18] Instead, it is believed that HCMV contributes to GBM pathogenesis through oncomodulation of host cellular pathways. This notion of HCMV modulating host cellular pathways stems from evidence generated in other model systems. Specifically, studies performed in a mouse model have shown that persistent infection of endothelial cells by CMV, defined as the expression of viral genes without evidence of cytopathogenic effect on host cells, resulted in the production of inflammatory cytokines and renin, which led to the development of hypertension. [19] Applying this evidence to GBM, one hypothesis proposes that persistent infection with HCMV could lead to production of inflammatory cytokines that may contribute to pathogenesis through disruption of the cell cycle. [17] Of the estimated 173 open reading frames present in the HCMV genome, [20] only a few of the gene products, such as IE1, pp71, glycoprotein B, and US28, have been detected in GBMs. Forced expression of HCMV IE1 was shown to increase stemness properties (e.g. self-renewal) and proliferation of glioma stemlike cells in vivo. [21] Follow-up studies demonstrated that IE1 promotes the tumor phenotype in these settings through inactivation of the p53 and Rb tumor suppressor proteins and through activation of the PI3-K/AKT signaling pathway. [22] Long-term HCMV infected glioma cultures demonstrated upregulation of key signaling mediators such as SOX2, STAT3, BMX and IL-6. [23] In addition, infection of GBM cells with HCMV led to upregulation of CD133 and other stem cell-like factors such as Notch1, Sox2, Oct4, and Nestin. [24] HCMV infection of GBM cells has also led to tumor proliferation through an upregulation of a proteoglycan, endocan, which has been shown to be involved in several cellular processes including angiogenesis. [25] Previously, overexpression of HCMV pp71 was shown to induce a pro-inflammatory response via activation of NFKB signaling in adult neural precursor cells. [26] HCMV glycoprotein B has been shown to mediate viral cellular entry via the receptor tyrosine kinase PDGFR-alpha resulting in activation of the PI3-K/AKT signaling pathway. [27] Another key HCMV product that is implicated in GBM development is the chemokine receptor US28. HCMV US28 regulates several cellular pathways including STAT3, VEGF, and e-NOS signaling which promotes GBM pathogenesis by regulating angiogenesis, invasion, and immune evasion. [28, 29] While these experiments show that these viral genes have the potential to be oncogenic, the question as to whether HCMV is association with GBM remains unclear.
The current line of thinking in the association between HCMV and GBM revolves around four potential hypotheses. [30] The first is that HCMV is causal; however, there is no evidence to date to support this concept in humans. The best evidence we have at this time for HCMV causing GBMs is in a mouse model. [31] Researchers at Brigham and Women's Hospital developed a mouse CMV-infected GBM mouse model using mut3 mice, which spontaneously develop grade III and IV astrocytomas. They demonstrated that MCMV-infected mut3 mice had decreased overall survival compared to naive mut3 mice. [31] The second hypothesis is that HCMV may be oncomodulatory, thereby enhancing tumor progression by a specific mechanism or a combination of mechanisms, which were detailed in the previous section. [17, 18, 20, [22] [23] [24] [26] [27] [28] [29] 32, 33] The third hypothesis is that HCMV may be a bystander with little effect on tumor growth, and the HCMV antigens are expressed because of the highly immunosuppressive tumor microenvironment observed in GBM. There is no direct evidence to date to support this concept. The last hypothesis is that these observations are merely an experimental artifact. Several recent publications have outlined possible scenarios where detection of HCMV may be due to experimental artifact including cross-reactivity of antibodies, [34] the concentration of antibodies, [35] or presence of expression vector genetic material in sequencing datasets. [36] 
HCMV DETECTION IN GBM
Several studies have investigated the association between HCMV and GBM in an attempt to resolve this controversial issue. Various detection approaches have been utilized by several investigators including traditional techniques (e.g. PCR, ISH, and IHC) and next generation sequencing (NGS) technology in an attempt to detect the presence of HCMV in GBM cells [ Table 1 ].
The most recent studies that have reported a positive association utilized traditional detection methods. One study looked for the presence of HCMV antigens pp65 or IE1-72 in 25 pediatric GBM patients. The study showed a 66.7% detection rate in the samples for either pp65 or IE1-72. [58] The authors of this study also 
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Cosset et al., [53] [60] On the other hand, several recent studies have reported no association between HCMV and GBM. One study utilized several approaches including a prospective and retrospective analysis to detect the presence of HCMV in tissue, plasma, and serum of high-grade glioma (HGG) patients. [35] The authors of this study retrospectively analyzed 25 fresh frozen tissues from GBM patients using PCR, tissue microarrays from 70 HGG patients using IHC, and 20 FFPE GBM tissues using IHC and CISH targeted at IE1/2 and pp65. All tissue analyzed for the presence of HCMV were found to be negative irrespective of method used. [35] The prospective arm of the study contained 18 patients with newly diagnosed HGG. From these patients, a total of 11 FFPE whole sections, 38 plasma samples, and 15 serum samples were analyzed. Tissue samples were analyzed for HCMV using real-time PCR, CISH, and IHC under the same protocols as the retrospective arm. Utilizing these different detection methods there was no evidence of HCMV in the 11 FFPE samples. Eight of 15 patients were seropositive for HCMV. Of the 38 plasma samples that were collected HCMV was detected in low levels in 3 samples at baseline and only one in follow up. [35] Another study took a comprehensive approach to analyze a wide variety of samples using NGS to detect the presence of viral genomes in the samples. [36] This analysis was performed through the publically available sequencing datasets from the Cancer Genome Atlas (TCGA). The samples tested included 157 RNA-seq datasets from primary GBM, 13 recurrent GBM, 514 low-grade gliomas, 17 recurrent low-grade gliomas, and 5 normal brain, and whole genome sequencing (WGS) datasets from 51 primary GBM, 10 recurrent GBM, and 20 normal matched blood samples. In addition, 92 RNA-seq datasets from MRI-guided biopsies and 9 glioma stem-like cell cultures were analyzed. Finally, 64 DNA-seq datasets from 11 meningiomas and their corresponding blood control samples were also analyzed. The authors of this study reported no strong evidence of HCMV in any of the samples. A few samples were found to contain low levels of viral reads but upon closer inspection the authors report that these reads likely represented artifact or non-pathological infections. Finally, evidence of human papillomavirus (HPV) and hepatitis B were found in a few LGG samples, however, the authors of this study state that these findings need further evidence to substantiate this association. [36] Lastly, another study used droplet digital PCR (ddPCR) to detect the presence of HCMV, human herpes virus 6 (HHV-6), and Epstein-Barr virus (EBV) in brain tissue samples. [61] A total of 112 brain tissue samples comprising 45 glioblastoma, 12 astrocytoma grade III, 2 astrocytoma grade II, 4 astrocytoma grade I, and 49 controls were included in this study. The study reported that neither HCMV nor HHV-6A was detected in any of the astrocytoma samples. A higher frequency of positivity was observed for EBV and HHV-6B compared to controls. [61] A few recent studies may shed light onto why there is such discrepancy observed in the literature. A study by Yamashita et al. [34] attempted to detect HCMV in GBM samples through a wide range of detection methods. They were unable to detect the presence of HCMV in many of the samples. Interestingly, the authors noted that the HCMV positivity demonstrated in a few samples were actually the HCMV antibodies binding to non-viral human proteins such as human albumin and myelin basic protein. [34] This finding suggests a previously unknown cross-reactivity among HCMV antibodies. Another study by Holdhoff et al. [35] assessed whether altering experimental conditions could generate false positive results. The authors of this study demonstrated positive staining in previously negative control fibroblast cells by using higher concentrations of the primary HCMV monoclonal antibody. Similarly, varying antibody concentrations in brain tumor FFPE samples demonstrated false positive staining. Taken together, the authors of this study suggest that false positive staining can be readily achieved simply by using high antibody concentrations even with antibodies that are designed to be specific. [35] 
THERAPEUTIC TARGETS FOR HCMV
The potential for novel breakthroughs in treating patients with GBM has led to a search for HCMV specific targets. Currently, there are two main approaches that are being pursued; one focuses on anti-viral therapy and the other focuses on HCMV directed immunotherapy.
The main approach to anti-viral therapy revolves around the use of valganciclovir [64] [65] [66] [67] [68] and GTPases. [69] The rationale for using valganciclovir stems from the hypothesis that it will suppress HCMV replication in HCMV-positive GBM cells leading to the suppression of virus-mediated tumor promoting mechanisms. Recently, researchers at Vanderbilt University investigated the use of combination therapy using bevacizumab and valganciclovir in treating recurrent GBM, which demonstrated a trend toward improved survival in those patients. [67] Finally, valganciclovir may target other viruses besides HCMV, which have unclear roles in tumorigenesis. Despite these advantages, valganciclovir suppresses viral replication, but does not eradicate the virus. Therefore, short-term treatment of valganciclovir would not be ideal in treating glioma patients as the benefits of tumor suppression only last during treatment, necessitating long-term treatment to maintain the suppressive effects. Further, this therapy would not be suitable for GBMs where there is no HCMV present as the tumor cells would not be targeted.
The investigation of Rho GTPases and their contribution to tumor progression is another area that is under investigation as a potential treatment option. [69] The rho GTPase family is known to play a crucial role in cytoskeleton organization, cell movement, and division. Three proteins within this family that are frequently altered in tumors include RhoA & RhoC, which are typically overexpressed, while RhoB is usually downregulated. [70] [71] [72] Using a naive GBM cell line, a GBM cell line that stably expresses HCMV IE1, and shRNA technology to knockdown the Rho GTPases, it was determined that HCMV infection and Rho isoform states affect cell morphology and influence proliferation rate and motility of human GBM cells. [69] The other approach to treating HCMV associated GBM involves the use of HCMV directed immunotherapy. The idea of HCMV in GBM has led to potential immunotherapy targets for treatment of GBM. [73, 74] A study conducted by Nair et al. [75] evaluated whether T cells stimulated by HCMV pp65 RNA-transfected dendritic cells target and eliminate GBM tumor cells. The authors of this study concluded that HCMVspecific T cells can effectively target GBM tumor cells and their results support the rationale for the development of HCMV-directed immunotherapy in patients with GBM. [75] As a result of this association and the potential therapeutic options, several groups are exploring novel approaches to developing GBMdirected immunotherapy and vaccines. [74] Potential HCMV proteins that are being investigated for the development of immunotherapy targets include immediate early 1 (IE1), phosphoprotein 65 (pp65), and glycoprotein B (gB). [74] 
CLINICAL IMPLICATIONS
HCMV is a ubiquitous virus infecting nearly the entire world population. With all the attention aimed at targeting HCMV in GBM cells, the validity of HCMV as a clinical target is being explored. As of February 2017, there are 13 clinical trials being conducted in the United States evaluating anti-HCMV therapy for GBM patients registered on clinicaltrials.gov [ Table 2 ]. Of these studies, two were terminated because of poor patient accrual. The first was a study sponsored by Penn State University entitled, "A Phase I-II study of allogeneic CMV specific cytotoxic T lymphocytes (CTL) for patients with refractory glioblastoma multiforme (GBM). [76] " The goal of this study was to evaluate the safety and efficacy of the administration of partially matched, allogenic HCMV specific cytotoxic T cells for patients with GBM who failed primary therapy. The other study entitled, "Phase I/II administration of CMV (cytomegalovirus)-specific cytotoxic T cells in patients with glioblastoma multiforme (COGLI)" was sponsored by Baylor College of Medicine. [77] The goal of this study was to determine the maximum tolerated dose of HCMV-specific T cells administered in combination with temozolomide (TMZ) in patients with newly diagnosed GBM. Additional goals of this study included identifying potential side effects and assessing the efficacy of this therapy for the treatment of GBM. Additionally, one study sponsored by the University of Florida entitled, "Peptide targets for glioblastoma against novel cytomegalovirus antigens," was withdrawn prior to enrollment of participants by the principal investigator. [78] The goal of this study was to identify the optimal and safe HCMV peptide specific vaccine regimen in combination with TMZ for patients with newly diagnosed GBM.
There are 8 studies currently active and/or recruiting patients. A phase I clinical trial sponsored by Baylor College of Medicine entitled "Administration of HER2 chimeric antigen receptor expressing CMVspecific cytotoxic T cells in patients with glioblastoma multiforme (HERT-GBM)" is being conducted to determine the largest safe dose of HER2-CD28 CMV-T cells, to identify the potential side effects of this therapy, and to evaluate its efficacy. [84] As of September 2016, this study is listed as ongoing but not recruiting participants. Another phase I/II clinical trial entitled "A Phase I/II clinical trial of autologous cytomegalovirus (CMV)-specific cytotoxic T cells for glioblastoma (GBM) patients" is being sponsored by M.D. Anderson Cancer Center and as of January 2017 is recruiting participants. [79] The goals of this combined Phase I/II study is to determine the highest tolerable dose of HCMV cytotoxic T lymphocytes (CTLs) that can be administered in combination with TMZ to patients with GBM. The goal of the phase II component of this study is to identify if HCMV CTLs, when combined with TMZ, is effective in controlling GBM and whether this combination is safe for patients. There is a phase II clinical trial being sponsored by the University of Florida entitled "A Phase II randomized, blinded, and placebo-controlled trial of CMV RNA-pulsed dendritic cells with tetanus-diphtheria toxoid vaccine in patients with newly-diagnosed glioblastoma" that is currently recruiting participants as of January 2017. [80] The goal of this study is to evaluate whether administration of HCMV pp65-dendritic cells is effective, as defined by a change in mean overall survival of GBM patients, if given in conjunction with stronger routine chemotherapy.
Several Phase I and II clinical trials are being sponsored by Duke University Medical Center. One study, entitled "Peptide targets for glioblastoma against novel cytomegalovirus antigens", is currently recruiting participants as of December 2016. [81] The purpose of this phase I clinical trial is to determine side effects related to the peptide-CMV vaccine and assess the safety of a combination approach using the peptide-CMV vaccine and TMZ in patients with newly diagnosed GBM who underwent a complete or partial surgical resection. In addition, another goal of this study is to identify the TMZ regimen schedule that yields the highest number of T cells secreting interferon-gamma in response to the peptide-CMV vaccine. Another study, entitled "Evaluation of overcoming limited migration and enhancing cytomegalovirus-specific dendritic cell vaccines with adjuvant TEtanus pre-conditioning in patients with newly-diagnosed glioblastoma", is also currently recruiting participants as of June 2016. [82] This phase II clinical trial will determine the impact of preconditioning with Tetanus-Diphtheria (Td) toxoid on human CMV pp65-lysosomal-associated membrane protein (LAMP) mRNA-pulsed autologous dendritic cells (DCs). This study will also assess the impact of pre-conditioning with Td toxoid and/or basiliximab [76] Penn State University Terminated 2011
Administration of CMV-specific cytotoxic T cells in patients with GBM (COGLI) [NCT01205334] [77] Baylor College of Medicine Terminated 2012 *Results of this study have been published in the International Journal of Cancer; [65] **estimated completion date; CMV: cytomegalovirus; GBM: glioblastoma multiforme; DC: dendritic cell on overall survival. A phase I clinical trial entitled "AVeRT: Anti-PD-1 monoclonal antibody (Nivolumab) in combination with DC vaccines for the treatment of recurrent Grade III and Grade IV brain tumors" is being conducted to assess the safety of giving DC vaccines with nivolumab, an anti-PD-1 monoclonal antibody, to patients with high grade gliomas. [83] Overall survival and progression-free survival will also be evaluated. This study is currently recruiting participants as of December 2016. Two additional studies sponsored by Duke University Medical Center are both ongoing but are not currently recruiting participants as of July 2016. One of these studies, entitled "Regulatory T-cell inhibition with Basiliximab (Simulect ® ) during recovery from therapeutic temozolomide-induced lymphopenia during antitumor immunotherapy targeted against cytomegalovirus in patients with newly-diagnosed glioblastoma multiforme", is a phase I clinical trial and will evaluate whether basiliximab, a monoclonal antibody to the IL-2 receptor of T cells. In addition, the study in determine whether basiliximab inhibits the functionality and numeric recovery of T-regulatory cells in GBM patients with TMZ-induced lymphopenia who are undergoing targeted immunotherapy using CMV pp65-LAMP mRNA-loaded dendritic cells and GM-CSF. [85] The other study from Duke is also a phase I clinical trial. The study entitled "Anti-tumor immunotherapy targeted against cytomegalovirus in patients with newly-diagnosed glioblastoma multiforme during recovery from therapeutic temozolomide-induced lymphopenia" is to determine the feasibility and safety of vaccinating with HCMV pp65-LAMP mRNA-loaded dendritic cells, with or without autologous lymphocyte transfer, in patients with newly diagnosed GBM who previously had TMZinduced lymphopenia. [86] A few additional studies investigating the use of HCMV as a novel target for GBM therapy have recently been completed. The phase I clinical trial entitled "Evaluation of recovery from drug-induced lymphopenia using cytomegalovirus-specific T-cell adoptive transfer" sponsored by Duke University Medical Center is listed as completed on clinicaltrials.gov. [87] In this study, the investigators assessed if administering HCMVspecific DCs to adult patients with newly diagnosed GBM with TMZ-induced lymphopenia enhanced the T-cell response and whether this therapy was safe for patients. Another study entitled "A randomized double blind controlled proof of concept study of the efficacy and safety of Valcyte ® as an add-on therapy in patients with malignant glioblastoma with successful surgical resection of at least 90% of the initial tumor and CMV infection demonstrated histologically and immunohistochemically," was sponsored by Karolinska University Hospital in Sweden and has a current status that is listed as "unknown". [88] Despite the status on clinicaltrials.gov, results from this study have been published in the International Journal of Cancer and will be presented in more detail below.
While we await the results of these studies, there have been two published clinical trials reporting differences in clinical efficacy. The first study was conducted by Stragliotto et al. [65] in Sweden and consisted of 42 patients randomized 1:1 to valganciclovir or placebo in addition to standard therapy. The primary endpoint of the study was tumor volume at 3 and 6 months assessed by neuroimaging. Secondary endpoints included progression free survival and overall survival at 6, 12, 18, and 24 months. Authors of this study concluded that valganciclovir is safe and well tolerated in patients receiving both temozolomide and radiation therapy. However, primary and secondary endpoints were similar between the two groups, with trends but no significant differences observed. Despite demonstrating no significant differences, the authors, in a retrospective analysis of the same cohort with inclusion of additional patients on valganciclovir for compassionate reasons, found that the rate of survival of valganciclovir treated patients at 2 years was 62% compared to 18% in historical controls with similar demographics. [64] The interpretation of this data has called into question whether the quoted survival rate is misleading. [89] Another study conducted by Mitchell et al. [90] at Duke University consisted of 12 patients randomized to pretreatment with mature dendritic cells (DC) or tetanus toxoid (Td), to help stimulate the immune system, with HCMV-specific dendritic cell vaccine in addition to standard therapy. The main objective of this study was not to test the validity of HCMV as a tumor specific target since the authors have previous shown the presence of HCMV antigens in GBM. As such, the authors surmise that HCMV is a viable target for immunotherapy. Therefore, the authors of this study wanted to evaluate methods for enhancing the efficacy of HCMV-specific dendritic cell vaccines. In so doing, six patients were pretreated with mature dendritic cells, while the other 6 patients were pretreated with tetanus toxoid. Primary endpoint was DC accumulation and migration. Secondary endpoints included progression free and overall survival. The authors demonstrated that there was greater DC migration in Td-pretreated patients than in those treated with mature DCs. Also, Td-pretreated patients showed a significant increase in both progression-free survival and overall survival compared to DC-pretreated patients. The authors concluded that pre-conditioning with Td may represent a viable strategy to improve anti-tumor immunotherapy. [90] 
CONCLUSION
The notion as to how HCMV is associated with GBM is still unclear as there are discrepancies in the detection of HCMV. Theories as to why there are differences observed have been postulated and include the potential cross reactivity of HCMV antibodies used in traditional detection methods in addition to the variety of experimental conditions used. In light of the continued inconsistencies and ongoing debate, a standard detection protocol likely implementing multiple detection methods needs to be developed and interrogated in multiple institutions in order to remedy this controversial issue. Until this major endeavor is undertaken, the medical and scientific communities should be cognizant of this controversy. Although there is relative low risk in some of the experimental treatments discussed (e.g. valganciclovir), physicians and scientists should exercise caution when using anti-HCMV therapy until we have an updated consensus as to whether HCMV is associated with GBM. 
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